As transfusion is a commonly identified overused intervention, there is a clear gap between evidence-based and clinical practice. To close this gap, there is not only a need for increased transfusion medicine educational opportunities but for those using structured and proven instructional methods. Kern and colleagues have defined important steps to be considered in curricular design: general needs assessment; targeted needs assessment; goals and objectives; educational strategies; implementation; and evaluation and feedback. We use this framework to examine the current state of transfusion medicine educational initiatives for the non-transfusion medicine physician.
Background
Blood transfusion is one of the most common procedures performed in hospitals [1, 2] . In fact, 89% of internal medicine trainees in an international assessment had obtained informed consent for a transfusion [3] . Yet, transfusion has been identified as an overused intervention in the Choosing Wisely Campaign by eight North American societies [4] . Multiple studies have recognized the gap between evidence-based and clinical practice concluding that there is a need for improvement [5] [6] [7] [8] [9] . It might then seem obvious that educational initiatives are needed, but rigorously designed assessments to determine the specific deficits and validated approaches for improvement are required. Thomas and Kern's six-step approach is widely used and considered the model approach to curriculum development in medical education [10, 11] . In this topic review, we use the six-step approach to medical education curriculum development to examine the current state of transfusion medicine (TM) educational initiatives with a focus on the non-TM physician.
Step 1: problem identification and general needs assessment
What is the healthcare problem?
About one million red blood cell units are transfused in Canada and 21 million transfused in the United States every year [12, 13] . Although transfusion is potentially life-saving in haemorrhagic shock, the majority of blood transfusions are given under circumstances with far less evidence for benefit [14, 15] . Randomized controlled studies, guidelines and systematic reviews examining transfusion strategies in a variety of clinical situations favour a restrictive approach [16] [17] [18] [19] [20] [21] [22] [23] . These data have spurred on the concept of patient blood management (PBM), an evidence-based, multidisciplinary approach to optimizing the care of patients who might need transfusion [24] . A first step in promoting PBM is ensuring clinicians have the appropriate TM knowledge to make the best transfusion decisions for their patients.
developed an undergraduate and graduate comprehensive TM curriculum in 1991 [25] and further refined it in 1995 [26] . In 2011, Karp et al. [27] reported on the use of the TMAA curricula and the status of TM in American undergraduate medical education. Eighty-six medical school administrators responded: 92% were unfamiliar with the TMAA curricula; 17% reported no didactic lectures in TM; 83% reported didactic lectures with 48% providing only 1-2 h of lecture-based teaching; and 29% reported small group sessions. The authors concluded that TM content across undergraduate medical education was variable. The influence of the TMAA programme on medical school education was questionable perhaps due to challenges incorporating its breadth into packed curricula and failure to incorporate many of the TMAA programme's ideas shortly after they were first developed.
Early studies have attempted to provide needs assessments. Mitchell et al.
[28] surveyed faculty members, TM medical directors and chief technologists about the TM knowledge deficiencies in housestaff and practising physicians. The most common knowledge deficits cited were related to the selection and use of blood components, transfusion reactions, coagulation, blood products to treat haemostatic problems, and apheresis. Ninety per cent of respondents felt that additional training in TM was required for all groups of learners. Examining the learners' perspective, Eisenstaedt et al.
[29] surveyed resident physicians. While the learners placed a high value on the relevance of TM for patient care, they rated opportunities for increasing TM knowledge at moderate levels. Senior residents were a more important contributor of TM education than medical school or formal conferences. Based on these studies, there appears to be a need and desire for high-quality TM education.
Step 2: targeted needs assessment Who are the targeted learners?
The first step in developing an effective TM curriculum for non-TM physicians is identifying the targeted learners. While there are general topics likely applicable to most physicians (e.g. transfusion reactions), there are issues that may be specialty specific (e.g. coverage of haemolytic disease of the foetus and newborn for obstetrics and neonatology, coverage of management of massive haemorrhage for trauma surgery and medical intensivists). Topics will vary by stage of training and career; however, almost every medical trainee will order a transfusion advocating for standardized education in medical school, ideally in the third and fourth years when trainees first encounter blood product ordering with direct clinical application of TM knowledge [27] . Ongoing TM education during postgraduate physician training (residency or specialty training after medical school) and as practicing physicians is also necessary to provide specialty-specific education, continue positive reinforcement of good transfusion practice and ensure knowledge is updated [30] . Taken together, it appears learners in the last 2 years of medical school and in the first 2 years of postgraduate training may be ideal targets for initial TM education with ongoing education delivered throughout a clinician's career.
What is the current state of TM knowledge?
The next step of a targeted needs assessment is to objectively determine the breadth of knowledge of the learners and specific deficits. O'Brien et al.
[31] documented examination scores between 24 and 67% in first-year postgraduate trainees with specific poor performance in transfusion reactions and risks. Similar studies have shown transfusion medicine knowledge deficits in trainees [32] and practising physicians [33] [34] [35] . The examinations used in these studies were limited in that they were generated by small groups of individuals and were not validated for accuracy or reproducibility.
More recently, studies have begun to use validated assessments [36, 37] . Graham et al.
[36] studied junior doctor transfusion competence in the United Kingdom during the first two years of their post-medical school 'Foundation' training. They designed a validated 33 true-false question examination on topics including indications, special requirements, risks and testing guidelines. Examination scores ranged from 51 to 62% with no improvement between first-and second-year Foundation trainees.
Objective structured clinical examinations offer an alternative method to assess internal medicine residents' transfusion knowledge [38, 39] . In Saidenberg et al., the cases were written with the aid of an expert in OSCE development, reviewed by content experts and then piloted by trainees. Using this TM case, the mean score was 66% with a low item-total correlation suggesting performance on the TM case was weakly related to the resident's overall performance. There was no associated improvement in scores in the TM case with increasing postgraduate year. Specific deficits identified were related to ordering more than one unit, informed consent, alternatives to transfusion and management of transfusion reactions.
The Biomedical Excellence for Safer Transfusion (BEST) Collaborative developed a validated examination to assess physician TM knowledge [40] . To determine examination content and ensure content validity, international transfusion expert members of BEST were surveyed to generate and then subsequently rate a list of knowledge topics or skills related to TM that would be absolutely essential for physicians who are not TM specialists (e.g. internists, surgeons, neurologists). From the highest rated topics, a multiple-choice question examination was developed and piloted in individuals of a priori defined varying expected ability. The examination was able to distinguish between individuals with basic, intermediate and expert TM knowledge (scoring 42 vs. 62 vs. 82%, respectively; P < 0Á0001). Rasch analysis, a psychometric approach used in highstakes testing, of the final 20 question examination demonstrated appropriate accuracy and reliability [41] .
The examination and a 23-question survey were administered to 474 internal medicine residents at 23 sites in nine countries [3] . The overall mean score was 45Á7% (site range 32-56%) with only minor differences noted between PGY1 versus PGY3 and PGY4 residents (43Á9 vs. 47Á1 vs. 50Á6%). Higher examination scores were associated with more than 2 h of TM education in medical school and better perceived quality of TM education in medical school or residency. Six of the eight topics with scores less than 25% were on transfusion reactions.
BEST-TEST2 examined a different group of targeted learners by assessing the performance of 149 haematology trainees at 17 international sites using the BEST examination and survey [42] . The haematology trainees performed slightly better at 61Á6% (range 30-100%). There was no correlation with PGY or previous transfusion medicine education in medical school or residency; however, better scores were associated with greater hours and perceived quality of TM education. There was similar poor performance on transfusion reaction questions. Interestingly, perhaps due to the combined haematology/oncology training pathway in the United States, haematology trainees at US training programmes performed worse that their non-US counterparts. Both the internal medicine and haematology trainees expressed an interest in further transfusion medicine education with >90% believing such training would be moderately, very or extremely helpful [3, 42] .
While assessments of other targeted learners are needed, the studies cited above demonstrate, on an international level, that there is a critical need for improving the TM knowledge of non-TM physicians [43] . Overall, there is evidence that more extensive education in TM improves scores and that learners agree that additional training in TM is helpful and desired.
Step 3: goals and objectives
What to consider when setting goals and objectives?
Setting appropriate goals and more specific and measurable objectives are critical in focusing a curriculum [10] . Types of objectives include knowledge, affective and performance-based. Traditionally, TM education has been focused on knowledge objectives such as in the TMAA curriculum [25, 26] and paediatric TM curriculum [44, 45] , or have been comprehensive in identifying the various clinical competencies needed in TM for pathology residents or TM fellows [46] [47] [48] . While comprehensive, these lists may be overwhelming, particularly for the non-TM physician, and challenging to incorporate into curricula where TM is but one of many educational topics. A comprehensive list may also fail to incorporate specialty-specific objectives.
Transfusion medicine objectives must go beyond focusing on knowledge acquisition alone. Performance-based objectives address skills and psychomotor tasks. Increasing use of simulation training and OSCEs demonstrate the growing recognition of the importance of these objectives in medical education [49, 50] . In TM, examples may include trainees writing an appropriate transfusion order or being able to demonstrate obtaining informed consent including accurate transfusion risk estimates [38] .
Affective objectives relate to 'specific attitudes, values, biases, emotions or role expectations that can affect learning or performance' [10]. These objectives can be the most difficult to create but are no less important than those related to knowledge or skills. One example in TM would be that by the end of the curriculum, trainees recognize the importance of acquiring TM knowledge. Another might be that trainees are aware of patient attitudes and beliefs, including possible misinformation, related to transfusion and informed consent.
Finally, objectives may also relate to educational processes. Such an objective would be that each trainee attends 80% of the training sessions for a curriculum. Educational process objectives may map back to the learner-specific objectives. These may include an increase in scores on a validated assessment tool (knowledge); an increase in trainee ranking of the importance of TM knowledge (attitude); documenting that more than 80% of trainees have demonstrated obtaining informed consent for transfusion (skill) and have written at least one appropriate transfusion order (behaviour); and that there is a significant improvement in appropriate use of blood products (healthcare outcome). Although objectives based on behaviour and healthcare outcomes may appear lofty, they are more relevant to the ultimate educational goal of influencing clinical practice.
Step 4: educational strategies
How should TM education be delivered?
The mode(s) of curriculum delivery should be chosen based on the types of goals and objectives (i.e. knowledge, affective or performance-based), need to address different learning styles and available resources. Multiple educational strategies are available including readings, lectures, online learning resources, discussion (large or small groups), problem-based learning, teambased learning, peer teaching, clinical experiences, reflection on experience, demonstration, simulation, role-plays, standardized patients and audio or video review of the learner [10]. Often knowledge-based objectives match the strategies mentioned early in the list (e.g. lectures), whereas changing attitudes, skills and behaviour require more active learning strategies. In fact, a recent systematic review examined interventions, including education, that were most effective for changing physician behaviour [51] . Active forms of continuing medical education (CME) were more effective than passive forms in improving physician performance and included academic detailing (one-on-one education), outreach programmes (education to a group in the work environment) and workshops. Internet-based CME such as webinars or online modules were also successful at improving physician performance. On the other hand, passive forms of CME such as didactic lectures, brochures or printed materials were the least effective methods for change. This suggests that simply incorporating 1-2 h of didactic TM teaching into an undergraduate medical curriculum is insufficient for promoting good practice.
Step 5: implementation Once the curriculum goals and objectives have been set and the educational strategies selected, implementing and operationalizing any curriculum require careful consideration of a number of factors [10] . Resources must be identified including personnel required to teach or facilitate the curriculum, time for both learners and faculty, facilities for the educational event, administrative support for distributing schedules, educational materials and evaluations, and funding, if needed to implement the programme.
Regardless of how well the curriculum is designed, support from key stakeholders is required. There must be agreement from course or programme directors or curriculum committees to provide the resources to implement TM education even when there are competing needs. There is little guidance in the medical literature on how to navigate such barriers to implementing TM curricula. Not surprisingly, success stories as opposed to failures are typically published with little detail of problems authors may have faced. It appears, however, that most publications involving assessment or development of TM curricula involve postgraduate as opposed to undergraduate medical education suggesting fewer barriers implementing curricula with this level of learner [3, 27-29, 31, 32, 36-40, 42, 52, 53] . In contrast to medical students, residents and fellows have already committed to a specialty in which transfusion may play a major role. As such, there is the 'need to know' for postgraduate trainees as it will affect their daily practice [54] and they can directly apply new TM knowledge to the care of their patients. There is also more structure and centralized control of postgraduate education with the residency director guiding curricular decisions and defined teaching sessions. In medical school, there are many individuals from multiple specialties all vying for valuable teaching time.
Of note, one of the major examples of a successful medical school curriculum involved specialty-specific clinical electives in anaesthesia and TM [55] . Given the similar advantages as with postgraduate training (e.g. a single individual (the course director) managing the curriculum, trainees already expressing an interest in a field with major utilization of transfusions), such advanced clinical rotations may be the best approach for increasing TM education in medical school.
Regardless of the learner, topics or teaching format, TM specialists can potentially capitalize on the momentum of Choosing Wisely initiatives, to garner residency, fellowship or medical school course director support for transfusion education and offer their expertise in developing and implementing curricula [4] . In all cases, it is worthwhile to pilot a curriculum on a smaller scale, so potential issues can be identified prior to extensive use of time and resources.
Step 6: evaluation and feedback
The objectives not only guide the educational strategies but also the system for evaluation and feedback. Knowledge-based objectives can be assessed directly by testing. For example, the University of Toronto Transfusion Camp has utilized the BEST-TEST described above to evaluate its knowledge curriculum [53] . To evaluate skills, the OSCE approach described by Saidenberg et al. [38] allows an examiner to directly observe and assess a learner in navigating a clinical TM scenario. The ultimate evaluation goal, however, is measuring a change in physician behaviour that affects patient care. Such measures can also be used for quality improvement [56] [57] [58] [59] [60] [61] . For example, Tinmouth et al.
[62] performed a systematic review of behavioural interventions, including education, and found that the interventions resulted in a relative reduction in the number of units (range 9-77%) and patients transfused (range 17-79%). A later meta-analysis quantifying the effect of organizational interventions on appropriate plasma transfusion in hospital setting showed that postintervention, participants were two times more likely to appropriately transfuse plasma [63] . Clearly, it is possible to measure the effect of educational interventions on clinically relevant metrics.
Examples of published TM curricula
One of the first successful educational intervention studies reported on academic detailing [64]: A TM specialist presented a lecture on indications and risks of transfusion, disseminated brief printed guidelines followed by a 30-min one-on-one visit with each transfusing physician. These interventions led to a 40% decline in the proportion of non-guideline compliant transfusions among study surgeons compared with a 10% increase among control surgeons who did not receive academic detailing. Interestingly, there was no change observed in medical specialty physicians hypothesized to be due to their already low transfusion rate. The obvious challenge with implementing this intervention on a broad scale is the resources needed (e.g. time for academic detailing).
Rebel et al. [52] reported on the initial results of a structured 1 month haematology and TM rotation for anaesthesiology residents in their first 2 years after medical school. The objectives were not only knowledge-based but also included specific skills and behaviours. Assessment of the learner was performed through written and oral examinations and clinical evaluation: participating trainees had increased scores on post-compared to the pre-rotation examinations and outperformed non-participating peers on haematology content questions on a national in-training examination. Residents expressed high satisfaction with the rotation. The authors reported that the next step was to evaluate whether the training had impact on the evidence-based utilization of blood.
At the University of Toronto, we developed a centralized TM education programme, 'Transfusion Camp', for non-haematology or TM postgraduate residency trainees [53] . The objectives were primarily knowledge-based focusing on the perceived needs of the targeted learners. The educational strategy consisted of five 1-day sessions with two to three lectures followed by a seminar in the morning and afternoon for approximately 18 h of didactic lectures and 11Á5 h of case-based seminars. Transfusion Camp garnered support from the respective programme directors to allow their residents time to attend. During the second year of Transfusion Camp (2013-2014), the BEST-TEST assessment tool was used to evaluate the programme. Pre-Transfusion Camp scores were 50 -18% and improved to 76 -16% in the postTransfusion Camp examination. All but a single resident had an improvement in their post-Transfusion Camp score. Like Rebel et al.'s [52] study, the next step for Transfusion Camp is to establish performance-based objectives and evaluate whether it has an impact on trainee transfusion practice.
A novel simulation-based course for medical students on anaesthesiology and TM elective rotations was developed at the University of Minnesota [55] . The objectives included broad TM topics such as risks and appropriateness and utilized active education strategies to enhance knowledge acquisition. The course structure consisted of a 10-question pre-test, a 60-min simulation session using a patient simulator with recording and debriefing followed by a 30-to-45-min lecture and a post-test. There were five different simulation scenarios: acute haemolytic transfusion reaction in the operating room or on the ward, and a massive transfusion protocol in the operation room, intensive care unit or on the ward. The study showed a significant improvement in median test scores from 40 to 80%. The use of mixed educational methods allowed learners to apply knowledge into practice and the experience allowed the development of other dimensions beyond knowledge such as attitudes, communication skills and teamwork In summary, based on these examples, the choice of educational strategy depends on whether an effect on knowledge, attitudes or skills is desired. Many of the strategies above require significant faculty resources and time. However, not all strategies may need to be sophisticated to achieve the stated objectives. For example, a simulation could simply consist of a trainee practicing obtaining informed consent on another trainee with faculty observation. Other internet-based methods such as online education modules [65], podcasts (e.g. http:// www.bbguy.org/) and interactive email quizzes (e.g. Transfusion News Question of the Day: http://transfusion news.com/path-questions/) may also be effective for promoting transfusion medicine knowledge and skills. The challenge for these innovative educational strategies, as for all educational interventions, is to determine how to effectively evaluate and demonstrate impact on physician practice and patient outcomes.
Conclusion
A structured evidence-based approach to medical education is needed to assure the best possible outcomes. In this review, we have used the Thomas and Kern six-step approach [10] as a structured format to designing TM education. Multiple needs assessments in TM have been conducted and clearly demonstrate the lack of appropriate physician transfusion knowledge and practice. Curricula should not only include knowledge, but also affective and performance-based objectives which should be tailored to the specific learner (i.e. medical student vs. resident, obstetrician vs. neurologist). Educational strategies should be designed with those specific objectives in mind, and active approaches have generally been shown to be more effective. Implementation must recognize resource limitations, especially for more active interventions, the need for key stakeholder support and the importance of piloting to help ensure success. Finally, evaluation based on the objectives should not only focus on knowledge using validated assessment tools but the ultimate goal of better care for our patients. Fortunately, there is a growing medical literature using thoughtful approaches on how to create TM curricula and we encourage and look forward to the continued shift to rigorously evaluating these approaches for their impact on changing transfusion practice. 
